Objective: Evaluate the ability of serum concentration of prostate specific antigen (PSA) between 2 cutting points to predict the existence of bone metastasis confirmed by bone scintigraphy in man with prostate cancer.
INTRODUCTION
Prostate cancer occupies a prominent place among malignant neoplasias of the genitourinary tract, and currently represents the most common neoplasia, being the second most frequent cause of death by cancer in men (1) .
Presently, prostate specific antigen (PSA) is the most accurate test for the diagnosis of prostate adenocarcinoma (2, (3) (4) (5) . For prostate adenocarcinoma, it is admitted that the higher the values of PSA are, the bigger is the volume of tumor existing in the patient, suggesting also a relation that is directly proportional to the tumor stage (2, (5) (6) (7) (8) (9) (10) (11) .
Besides that, among other methods available for evaluating the patient with prostate neoplasia, we can mention prostatic acid phosphatase, alkaline phosphatase, tumor ploidy, Gleason score, ultrasonogra-phy, computer tomography, magnetic resonance imaging, and bone scintigraphy, among others (9) . Of a particular interest, bone scintigraphy using the radioisotope Technetium (99 mTc) methylene diphosphate remains as the most sensitive method for evaluating the skeleton in bone metastasis diagnosis, being superior to conventional radiological study and to the serum levels of prostatic alkaline phosphatase. This examination presents high sensitivity with low rate of false negatives, and besides that, 43% of individuals with metastasis detected in scintigraphy can be asymptomatic, 39% and 23% can have normal prostatic acid phosphatase and alkaline phosphatase, respectively. Finally, between 10 and 50% of patients with metastasis detected through scintigraphy present normal radiological studies (9, 11) .
Scintigraphy has against it the fact of being the most expensive examination to evaluate patients with prostate cancer, costing around 10 times more than PSA determination. Thus, some authors suggest the possibility of using PSA serum levels to predict possible scintigraphic findings (4, 5, 8, 9, (11) (12) (13) . Nevertheless, up to the moment, the literature presents disagreeing results in what concerns the cutting point to be adopted to predict the presence or absence of bone metastasis in prostate adenocarcinoma (1, 10, 14, 15) .
The objective of the present study is to evaluate in patients with diagnosis of prostate cancer, the relationship between serum concentration of 2 PSA cutting points and the presence of bone metastasis in scintigraphy.
MATERIALS AND METHODS
Two hundred and fourteen consecutive patients, with prostate adenocarcinoma, were treated in the period between 1998 and 2001, and were retrospectively analyzed, being their data retrieved from respective records.
All patients were submitted to routine examination , including the determination of PSA serum concentration by using the chemiluminescence method (Ciba-CorningR, Diagnostic Corp, Automated Chemiluminescence System -ACS-180, USA), considering as normal the values between zero and 4 ng/mL. Exclusion criteria included patients under anti-androgenic treatment previous to the evaluation, patients submitted to radical prostatectomy, patients with vesical catheter, and patients with genitourinary infection.
The diagnosis of prostate carcinoma was established through prostate biopsy guided by transrectal ultrasonography or in the material of prostate transurethral resection performed for presumable benign prostatic hyperplasia. After diagnosis of prostate cancer, all cases were submitted to bone scintigraphy examination. This examination was accomplished between 3 to 4 hours after intravenous injection of 700 MBq 99 mTc-methylene diphosphonate, and obtaining complete body images (anterior and posterior). Detailed images were obtained when considered as necessary for better viewing of suspected areas, as well as for correlation of these scintigraphic findings with conventional radiological exams or with computer tomography. The radiologist analyzed scintigraphic exams without knowledge of the serum levels of PSA, and they were interpreted as negative or positive for bone metastasis, according to the bone absorption of the radiopharmaceutical.
To determine the rate between PSA serum level and the presence of bone metastasis through scintigraphy, 10 and 20 ng/mL were considered as the PSA reference values. In each analysis, it has been considered as prognostic PSA serum levels for bone metastasis the values equal or superior to the cutting points, and negative those values inferior to these points.
For statistical analysis, t-Student test and probability tests were used, considering p < 0.05 as statistically significant.
RESULTS
From the 214 patients, 35 (16.3%) presented positive scintigraphic exams in relation to the presence of bone metastasis, and for the remaining 179 cases (83.7%) the exams were considered as normal. No patient presented bone metastasis in bone scintigraphy with PSA < 10 ng/mL, and only for 1 patient (0.46%) with bone metastasis, PSA concentration was lower than 20 ng/mL. Among patients with bone metastasis diagnosis, ages varied from 51 to 80 years (mean = 67.7) and PSA serum concentrations varied from 13.8 to 500 ng/mL (mean = 97.7 ± 81.1 ng/mL). In the group of patients without bone metastasis, the ages varied from 53 to 86 years (mean = 67.2), and PSA serum concentrations varied from 0.5 to 100.5 ng/mL (mean = 17.5 ± 17.9 ng/mL (p < 0.05).
When the cutting point for PSA serum concentration of 10 ng/mL was analyzed, no patient presented bone metastasis in scintigraphy. Nevertheless, among the 143 patients with PSA > 10 ng/mL, 35 (24.5%) presented bone metastasis, and the remaining 108 patients (75.5%), presented normal scintigraphy. These values evidenced a sensitivity of 100%, absence of false negatives, and a negative predictive value of 100%. The specificity for this cutting point was 39.7%, and the positive predictive value was 24.5% (Table-1) .
One hundred and thirty two patients (61.7%) presented PSA inferior or equal to 20 ng/mL, and in one case (0.75%) scintigraphy was positive for bone metastasis, while the remaining 131 patients (99.2%) presented normal scintigraphy (Table-2 ). On the other hand, 82 patients (38,3%) presented PSA greater or equal to 20 ng/mL, being bone scintigraphy positive for metastasis in 34 patients (41.5%), and negative in 48 (58.5%). The data showed above analyzed through probability tests indicated a sensitivity of 97.1% and specificity of 73.2%, and a rate of false positive and negative diagnosis of 41.5 and 99.2%, respectively, with a PSA cutting point of 20 ng/mL, to predict the occurrence of bone metastasis. Odds ratio calculated for PSA equal or greater than 20 ng/mL in relation to values inferior than this was 92.79 (IC 95% = 13.02 to 1,872.30) for the possibility of predicting bone metastasis for prostate cancer.
DISCUSSION
As bone scintigraphy is normal for the great majority of prostate cancer cases recently diagnosed, normal levels or slight elevations in PSA (lesser than 20 ng/mL) should identify a subgroup of patients with low risk for presenting bone metastasis (1). Although our results are in accordance with this statement, they should be regarded with some reservation, i.e., serum levels of PSA inferior to 10 ng/mL should not be understood as absolute guaranty of bone metastasis absence, but as presenting an extremely low probability, in accordance to the results observed in this series.
What calls the attention is mainly the high negative predictive value found in both cutting points adopted. By considering PSA serum concentration of 10 ng/mL as reference point for the presence of bone metastasis, negative predictive value reaches a 100% rate. On the other hand, it is observed an extremely low positive predictive value (24.5%) to predict the presence of bone metastasis for PSA ≥ 10 ng/mL. These data certainly reflect the low rate of false positive diagnosis when these levels of PSA serum concentration are adopted to predict the occurrence of bone metastasis. These aspects are in accordance with observations of other authors like Lobo et al. (16) , who in his series of 79 patients with prostate cancer, found for PSA serum concentrations lower or equal to 10 ng/mL, a negative predictive value of 100% for bone metastasis. Besides these, other series showed a negative predictive value when PSA < 10 ng/mL, from 96% to 100%, and with a cutting point of 20 ng/ mL it was 94% (15, (17) (18) (19) .
On the other hand, when a reference point of 20 ng/mL for PSA serum concentration was adopted, relationships of probabilities and predictive values were slightly altered, i.e., negative predictive value remained very high (99.2% versus 100%), and the sensitivity of the method, equally, was altered in a very slight way (97.1% versus 100%). On the other hand, a significant increment in the specificity of the method (73.2% versus 39.7%) was observed, with a considerable increase too, although still low, of positive predictive value (41.5% versus 24.5%) to predict the presence of bone metastasis for PSA ≥ 20 ng/mL.
Oesterling (9) verified in a series of 852 cases of prostate cancer that when concentration of PSA was lesser than 20 ng/mL, only 7 patients (0.8%) presented bone metastasis in scintigraphy. Oommen et al. (15) contra-indicate bone scintigraphy in asymptomatic patients with PSA < 10 ng/mL because cost benefit is not worth.
Disagreeing with the remaining studies published in the literature, Wymenga et al. (1) evaluated the relationship between routine bone scintigraphy in patients with prostate cancer based on serum levels of PSA and alkaline phosphatase. Their findings were that 13% of patients with PSA < 20 ng/mL presented positive scintigraphic studies for bone metastasis, and besides that the majority of these cases (73.4%) presented serum levels of PSA <10 ng/mL. Perhaps low degree of differentiation in the neoplasias evaluated in the series of these authors can justify these results, which are in disagreement with those found in this study and also in the majority of previously published studies.
From the results obtained and statistical analysis done, it seams that the best cutting point for a serum concentration of PSA to be adopted as a predictor of the presence of bone metastasis in scintigraphic studies would be 20 ng/mL. On the other hand, there is a substantial reduction in the number of exams unnecessarily accomplished for staging individuals with prostate cancer, i.e., in only 1 case (2,8%) of prostate cancer and bone metastasis detected through scintigraphy, PSA levels was between 10 and 20 ng/mL.
These conclusions are in accordance with the findings of other authors like Chibowski et al. (11), who observed a positive correlation among local clinic follow up, prostatic acid phosphatase, alkaline phosphatase, PSA, and the findings of bone scintigraphy. Among all these exams, PSA showed to be the most trustworthy for this correlation, with a mean PSA serum level of 11.3 ng/mL when bone scintigraphy is negative.
CONCLUSION
The results of present study allow us to conclude that a serum concentration of PSA higher than 20 ng/mL was a most accurate cutting point than a serum concentration of PSA higher than 10 ng/mL to predict metastasis in bone scintigraphy. In this way, unnecessary costs can be avoided, since a considerable part of prostate adenocarcinomas present low PSA serum levels (< 20 ng/mL), and for these cases bone scintigraphy could be unnecessary.
EDITORIAL COMMENT
This article by Rhoden et al. treats a frequent question: when shall we request bone scintigraphy to complement the follow up of a recently diagnosed prostate adenocarcinoma?
In fact, the answer to this question is not very clear in literature yet. It is well known that bone scintigraphy is the most accurate imaging examination to detect bone metastasis, being much more precise than simple radiography, computer tomography, and even magnetic resonance imaging, especially for initial lesions. It is estimated that while 50% of bone marrow has to be already substituted by metastasis in order to be evidenced by simple radiography , only 10% of it needs to be already substituted to indicate positive findings through bone scintigraphy (1) .
The fact of the diagnosis of patients with tumors in initial stages is becoming more and more common, mainly as a result of extensive use of serum PSA determinations, has changed the historical conception of absolute need of bone scintigraphy, especially for patients with low levels of serum PSA. Already classical works by Oesterling, studied by the authors, demonstrated that under the point of view of cost-effectiveness, the probability of positive findings in scintigraphy for patients with PSA levels inferior to 10 or 20 ng/ml is extremely low, being questionable its indication under these circumstances (2) .
Nevertheless, in spite of these concepts, in clinical practice bone scintigraphy remains well requested as follow up exam, even for patients with low PSA (3). This might be true due to other useful information supplied by bone scintigraphy before treatment: data on superior urinary tract function and the supply of a basal study for comparison with future findings for patients that will present bone pain later (differential diagnostic between arthritis and metastasis), besides stratifying risks for patients with positive lesions.
The study of Rhoden et al. suggests that it might be unnecessary to use the cutting point of 10 ng/ml of serum to request scintigraphy, as diagnostic accuracy was better with 20 ng/ml. Nevertheless, the ideal cutting point in its casuistic could only be determined with the use of ROC curves for sensitivity and specificity of the test.
Present literature gives us solid base as to not routinely request bone scintigraphy for the follow up of asymptomatic patients with PSA inferior to 10 or even 20 ng/ml, as demonstrated in the present work. Nevertheless, low morbidity of scintigraphic examination and basic information that it can eventually supply, anyway do not disapprove or condemn the urologist who requests the exam, even for patients with PSA inferior to 10 ng/ml.
